INTRODUCTION
============

Down syndrome (DS) is a type of chromosomal abnormality that causes a range of physical, intellectual and clinical symptoms affecting individuals of different races, ethnic groups, and socioeconomic classes. Although the clinical presentation may vary, it is possible to predict structural alterations in the central nervous system, congenital heart disease, immunodeficiency, metabolic disorders, gastrointestinal problems, and also the characteristic physical phenotype, among others[@B21].

It is striking due to global alterations in the development process, involving motor, language, cognitive, self-care and personal-social dimensions[@B11], and it is associated with specific behavioral phenotypes[@B26]. The alterations found in different development areas are not always proportional, although each area influences and is influenced by one another[@B5] ^,^ [@B6] ^,^ [@B11] ^,^ [@B15] ^,^ [@B16] ^,^ [@B20] ^,^ [@B26] ^-^ [@B28].

Alterations in motor skills are expected, mainly due to neuroanatomical and physiological changes that cause muscle hypotonia, alterations in primitive reflexes, joint hypermobility, and they also have a bearing on postural control and muscle synergy[@B2] ^,^ [@B18] ^,^ [@B22]. Such alterations directly interfere with exploitation of the environment, causing a reduction of crucial stimuli and experiences for the development of language, cognition and socialization[@B22] ^,^ [@B29].

The cognitive development of children with DS seems to be characterized by differences between individuals[@B26]. Deficient cognitive skills, due to an intellectual problem, will directly influence the processing of information, thus causing alterations in attention, memory, language acquisition and other development skills[@B4] ^,^ [@B7].

In the personal-social and self-care areas, the influence of family guidance, as well as the environment in which the children are inserted, is outstanding, considering the stimulation input they receive[@B1] ^,^ [@B13] ^,^ [@B20] ^,^ [@B23] added to the opportunities for acting autonomously and independently throughout the different growth stages. The performance of children with DS tends to be backward in these areas.

The development of language occurs with delay and tends to follow the stages of typically developing children, despite the heterogeneity verified in the language performance of children with DS. Alterations in semantic, phonological, syntactic and pragmatic aspects are expected[@B9] ^,^ [@B24] ^,^ [@B28] ^,^ [@B31]. In this case, social development is closely related to the language development, and both are prone to environmental influence[@B16]. Although literature shows that one development area influences the other, there are gaps concerning the understanding of alterations and transformations that characterize these children's development[@B26].

The literature shows that the performance of children with DS is not homogeneous[@B2] ^,^ [@B14] ^,^ [@B19] ^,^ [@B21] ^,^ [@B30]. This performance may be related to different variables that interfere with development such as, for instance, anatomophysiological conditions of the central nervous system, congenital hypothyroidism, hearing and vision losses, presence of behavior patterns in the autism spectrum, prematurity and low weight, among others.

Considering what has been mentioned, the objective of this study was to verify personal-social, fine motor-adaptive, gross motor and language skills of children with Down syndrome, and compare them with typically developing children matched for gender, socioeconomic status and mental age, controlling some variables that affect overall development such as congenital hypothyroidism, prematurity, low birth weight, significant hearing and vision problems and characteristics of the Autism Spectrum Disorder.

METHODS
=======

Before its execution, this study was submitted for the appraisal and approval of the Research Ethics Committee of the Institution where the study was conducted (Process No 040/2009).

The criteria for inclusion in the Experimental Group (EG) were the following: to have been diagnosed with Down syndrome, for trisomy 21, before the chronological age of three months; to have been born at term; to not have been born severely underweight; to have shown results indicative of normality in hearing and metabolism neonatal screenings (for congenital hypothyroidism); to have sight that does not hinder the accomplishment of the activities proposed; to have attended rehabilitation procedures since the first trimester of life and to be attending regular school.

The criteria for inclusion in the Control Group (CG) were the following: to have typical development (TD); to have been born at term; to have not been born severely underweight; to have results indicative of normality in hearing and metabolism neonatal screenings (for congenital hypothyroidism); to have vision skills that do not hinder the accomplishment of the activities proposed; to attend school; to be matched for gender, mental age and socioeconomic status with the EG.

The participants' mental age was established after evaluation through the New Version of the Stanford-Binet Method, adapted by Terman and Merril[@B25] (1960).

The Brazilian Criteria of Economic Classification (CCEB, 2011)[@B3] was used to check socioeconomic status. This instrument considers the family ownership of items (material assets) and the level of education of the person responsible for the family.

The Childhood Autism Rating Scale (CARS), of Brazilian standardization[@B17], was used to verify the symptoms of Autism Spectrum Disorder.

After the inclusion criteria were applied, 40 children participated in the study, 20 with Down syndrome (Experimental Group - EG), of both genders and chronological age from three years and two months to six years (mean of four years and five months), and 20 typical developing children (Control Group - CG), matched to the EG for gender, socioeconomic status and mental age, aged from one year and one month to four years and two months (mean of two years and six months). Some children did not qualify for the inclusion criteria: in the EG, there were two children who had been born preterm, three children who had been born severely underweight, two with congenital hypothyroidism, one with signs indicative of Autism Spectrum Disorder, one who had failed in the neonatal hearing screening, two who did not attend regular school, and one who had initiated rehabilitation procedures after the sixth month of life.

After signing the Informed Consent Form, the legal responsible people answered an anamnesis protocol with information about the early life of the participant.

The birth weight of EG participants ranged from 1850 g to 3880 g, with a mean of 2706 g, while the weights of the CG participants ranged from 2500 g to 3850 g, with a mean of 3187 g. Regarding aspects of general health, as reported in the anamnesis, the EG participants showed one or more of the following health problems: heart disease (30%), alterations to the stomach and duodenum (10%), myopia (10%) and jaundice (10%). EG children that had myopia used corrective lenses. In the CG, no alterations were reported.

The studied participants were classified in classes A (10%), B (60%), and C (30%) for the socioeconomic status.

Regarding the participant´s education, the EG children were distributed in Nursery (50%) and Kindergarten (50%) classes, while the CG children attended Mini-Nursery (50%), Nursery (45%) and Kindergarten (5%) classes.

The evaluation consisted in applying the Denver Development Screening Test II[@B10] that considers four developmental areas, namely: personal-social, fine motor-adaptive, language and gross motor.

The statistical analysis was performed by applying the Student's *t*-test for each area of the Denver II test. The Student's *t*-test is a parametric statistical test used to compare the mean of two groups, applied in two independent samples.

RESULTS
=======

Characterization of casuistry
-----------------------------

In [Figure 1](#f01){ref-type="fig"}, the profile of participants is characterized in terms of gender, chronological and mental age.

Figure 1Distribution of participants in terms of gender, chronological age and mental age

The steps and age of acquisition of the milestones of psychomotor development are shown in [Figure 2](#f02){ref-type="fig"}.

Figure 2Age of acquisition of the milestones of psychomotor development

In this casuistry, the acquisition of cervical spine equilibrium in the EG occurred at ages between 3 and 28 months, with a mean of 8.2 months; sitting without support occurred from the 7^th^ to the 38^th^ month of life, with a mean age of 15.1 months, and independent walking started at ages from 18 to 48 months, with a mean of 30.2 months. CG children fulfilled the development stages as expected for individuals with TD, i.e., the mean age for cervical equilibrium was 3.1 months; sitting without support, 6.9 months; and independent walking at 12.2 months.

Observing the age of the utterance of the first words, the EG participants showed this skill at ages ranging from 10 to 48 months, with a mean of 28.7 months, while in the CG this skill started at ages between 8 and 18 months, with a mean of 12.7 months.

The statistical analysis of the Denver II results revealed a statistically significant difference between the groups for language and fine motor-adaptive areas.

[Table 1](#t1){ref-type="table"} shows the mean and the standard deviation when comparing the CG and the EG performance in the application of the Denver II test through the Student's *t*-test (p≤0.05)*.*

Table 1Mean, standard deviation and p value resulting from the application of the Denver II test in the CG and EGDenver IIGroupMeanStandard Deviationp valueP-SCG33.59.260.861 EG32.813.6 LGCG35.410.30.019\* EG26.911.5 FMACG37.910.80.034\* EG29.812.5 GMCG3410.90.130 EG28.810.3 [^1]

DISCUSSION
==========

The sample of this study was designed to control important variables that have a bearing on child development, such as mental age, socioeconomic status, gender, birth at full term, birth weight, and absence of comorbidities, such as characteristics of the Autism Spectrum Disorder, metabolic alterations for congenital hypothyroidism and diagnosis of significant hearing and vision problems, which allowed a more homogeneous sample.

Prematurity is considered an important biological risk for development delay. The literature shows that preterms, mainly those with low weight, come into the world in a very marked condition of general weakness that usually puts them in a situation of risk, not only of survival, but also of possible shortcomings in terms of development[@B8]. According to the inclusion criteria, no child of the sample showed a history of prematurity.

Congenital hypothyroidism is frequent among individuals with DS. Indeed, thyroid hormones are vital for the development of the central nervous system, particularly during childhood, as they affect the neuronal migration and differentiation, the activation of the sympathetic nervous system, synthesis and secretion of neurotransmitters and the processes of myelination. Untreated hypothyroidism can intensify several symptoms associated with DS during childhood such as psychomotor development, somatic and intellectual growth[@B19]. Thus, the sample was controlled considering the range of variables interfering in the process of global development of children with DS.

Recent research studies show that children with DS can present characteristics that fulfill the diagnosis criteria for the Autism Spectrum Disorder[@B30]. The sample was controlled in such a way that no child included in the study presented characteristics of the spectrum associated with DS.

One factor considered of risk for the alteration of the development is the presence of congenital heart disease. However, this was not an exclusion criterion in this study, although authors did state that children with DS who presented congenital heart disease showed more difficulties to reach the motor milestones when compared with children with DS who did not have a history of these associated alterations[@B2]. Individually analyzing the performance of the six children with DS that showed heart disease, participating in this study, we verified that only one of them showed cervical equilibrium, independent walking and production of first words notably superior (older age in the acquisition of development milestone) than the mean of the EG.

Analyzing [Table 1](#t1){ref-type="table"}, in the personal-social area, we observed no statistically significant difference between the groups, although the EG children had a chronological age superior to the CG. The personal-social area has been considered the development area that change the least among children with DS[@B13] ^,^ [@B20] ^,^ [@B23], although it is not possible to establish these children's social profile as this skill depends on many variables that are usually found in the particular social environments they attend. Indeed, children with DS are seen as extremely sociable and affectionate, and they also have an easy temperament. However, although these individuals have fitted this stereotype, the temperament is by no means uniform[@B23], since personal-social skills depend on the environment needs.

With effective social interactions and relationships initiated as early as possible, children tend to become more productive, showing the positive influences of such interactions and relationships that provide the social matrix for their overall development. The children who participated in this study started their intervention procedures still in the first trimester of life, and participated in an educational system from an early age, which may have contributed to these results.

The difference regarding the educational degree of the groups in this casuistry is noteworthy due to the chronological age, since the classes in the Brazilian educational system are formed considering chronological age rather than level of development and/or ability. This finding could represent different degrees of stimulation for children from different groups because of the specific curriculum for each educational program.

The language area was the most impaired when comparing the groups, even considering that this study has strict control over the variables. We emphasize that the language skills required in the Denver II test referred mainly to the expression of concepts and production of words.

In a previous study we affirm that expression skills are more impaired than the receptive ones in this population[@B9], and that, regarding the cognitive profile, they present alterations varying from mild to severe. Language is the most extensively studied area in the context of the cognitive system, often giving a particular character to this performance considering the many involved variables[@B31].

Regarding the performance in the fine motor-adaptive skill, a statistically significant difference between the groups was found. In the Denver II test, this area verifies skills that include manual coordination, stimulus organization, accomplishment of delicate features, handling of small objects, involving, mainly, the cognitive and visual-motor skills. Studies show that the fine motor coordination is often impaired in these individuals[@B6] ^,^ [@B22] ^,^ [@B29]. The study by Santos, et al.[@B22] (2010) showed that the most impaired areas in the children with DS were language and fine motor co-ordination, thus supporting the findings of this study.

Specific coordination and postural problems have a considerable impact on the development of adaptive and functional skills, mainly in pre-school and school ages. Motor skills and acquisitions are determinant in social interactions, favoring the participation in interactional activities and in different social contexts in which language is developed[@B29].

Qualitatively analyzing the sample, we verified that the EG children showed a delay in the neuropsychomotor development, observed from the acquisition of cervical equilibrium (mean of 8.2 months) to that of independent walking (mean of 30.3 months). The delay in the motor development of children with DS is expected, as well as the presence of hypotony, alteration of primitive reflexes and joint hypermobility that influence posture control, adequate muscle synergy, accomplishment of movements and motor coordination[@B14] ^,^ [@B18].

The delay in the neuropsychomotor development is an indication that there are alterations in the acquisition of skills in other development areas[@B14], mainly in the first years of life, as the movement is considered the basis for the learning of new skills. Through the motor action, the child has the possibility to explore spaces, objects and their relationships. Thus, the motor limitation may cause difficulties of interaction and manipulation of objects, with a loss of opportunities to develop the repertoire of learning experiences. The action creates and elicits cognition, through praxis, which has a form of mental planning that regulates, controls, integrates, elaborates and executes the child's intentions[@B12]. In the comparison between the EG and the CG, there was no statistically significant difference in the gross motor skill. However, we must emphasize that these groups were matched considering mental age. Thus, the EG children showed chronological age superior to the CG children, which approximated the performance of these groups regarding the gross motor aspect. It is possible to affirm that children with DS showed an altered performance in this aspect because this performance was similar to the ones of younger children with TD.

Considering the difference of performance in the areas evaluated for each group, we noticed that children with DS showed better performance in the personal-social area, followed by the fine motor-adaptive and gross motor areas, and worse performance in the language area. A different behavior pattern was shown by children with TD, who showed a better performance in the fine motor-adaptive area, followed by the language, gross motor and personal-social areas.

The literature shows that the heterogeneity in the performance of children with DS, and suggest longitudinal studies aimed to evaluate the process of language development within this population throughout the years[@B1] ^,^ [@B15] ^,^ [@B24] ^,^ [@B26].

Reflecting on the methodological path that reached its peak with these results, the importance of studies that show a control of variables is emphasized as a way to get more homogeneous groups. On the other hand, the sample group is expected to be smaller with such control of variables. A restriction of this study to be emphasized is the absence of an analysis of the participants' central nervous system conditions by image exams, and the fact that individuals with congenital heart disease were not excluded.

In addition to the importance of matching of groups considering mental age, socioeconomic status and gender, as well as the control of variables considered as risk factors for development alterations, including premature birth, very low body weight, and congenital hypothyroidism, it is necessary to study these aspects while considering the anatomo-functional conditions of the nervous system of children with DS, for they would provide relevant information regarding the functioning of the processes that involve development. Longitudinal studies following the development of children with DS will be important to deepen the knowledge on this population development rhythm.

CONCLUSION
==========

Children with DS showed an inferior performance in language and fine motor-adaptive skills when compared with typical developing children matched for mental age, gender and socioeconomic status. There was no statistically significant difference in the gross motor and personal-social areas.
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